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Abstract of J P 2003041223 (A) 
PROBLEM TO BE SOLVED: To provide a pressure- 
sensitive adhesive especially for the nonpolar ..^ ..... : 

surface which shows excellent adhesive strength to wrifv("!n ^ws>? ; v) 
various substrates and has good adhesive force. 
SOLUTION: The pressure-sensitive adhesive is 
based on a block copolymer which has at least one 
unit of units comprising three-successive polymer 
blocks selected alternately from the group consisting 
of polymer blocks P (A) and P (B) [wherein P (A) is a 
homopolymer block or a copolymer block available 
from component A containing at least two monomer 
A1 and A2 wherein the polymer block P (A) exhibits 
a softening temperature of -80 deg.C to 0 deg.C; at 
least one (A1 ) of monomers of the component A is 
an acrylic acid derivative or a methacrylic acid 
derivative represented by the general formula: CH2 
= CH(RI)(COORII) (I); (A2) is an acrylated monomer 
represented by the general formula: CH2 =CH(RIII) 
(COORIV) (II); and P (B) is a homopolymer block or 
a copolymer block available from component B 
containing at least one monomer B1 wherein the 
polymer block (B) exhibits a softening temperature 
of 20 deg.C to 175 deg.C]. 
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t^KPROXYL) , 3-^/W^-f/k-PRO 
XYL, 2, 2-^f-rt-— 4, 
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PO, 4-^bJfy-TEMPO, 4-^nn-TEM 
PO, 4-b Fn^fy-TEMPO, 4-^y-TE 
MPO, 4-7S/-TEMPO, 2, 2, 6, 6 — f 
b^x^/P— 1 -hxyy-/^Jfy;K 2, 2, 6- 
hyjrf^/P— 1 -b^y^x/M-^;h 

■ N-t-7"-f^ l - 7x-^-2-^f;P7nt 
bo* 1M b\ 

■ N-t-7>/P 1- (2— ^7?Vl^) -2-*f- 
/PTnbVP-bn^+M b\ 

• N-t-7>;P \- t J^)V^X^J-2, 2- 
>;><^7°nbVk-bn^7M b\ 

• N-t-7'f^-l-yXyy'WX*y-2, 2 
- i^X f/P7n ¥)V~ No^t^f b\ 

• N- ( l-7x-;l/-2-^^7°nh7P) 1- 
y>'x^-;^^*7- 1 -^f-;i/xf-;p- hndf^ b\ 

• s;- 1 - 7>;^x h n^f tM b* , 

• i^'y x-)l-ba^4 V, 

■ t-7^)V t-TSJi'-bcNMM b\ 

[0046] ztekwm&ii&t Lxm=Fm&y 
iuvms (atrp) im^\ z(r>z.5%:m-&xii, n 
mwt. -tint t u < izzmmmm-m 1 1 < ass 

^nyyftftl«££i42«m±(iCu. Ni, Fe, 
Pd, Pt, Ru, Os, Rh, Co, I r „ C u s A 
g£fd±Au(7MW$:m^mfrtl& ( a b s t r a 
cted) [EP 0824 111 AU EP 0 
826 698 Ah EP 0 824 1 1 0 A 
1. EP 0 84 1 346 AU EP 0 85 

o 9 5 7 a i ] . mz at r p <?m« ^mmmm 
x-$>&%mmm5 ,945,491 a^. warn 

H5, 8 54, 3 64 A^B J; t^BMWFi? 5 , 7 8 

9,487 Amzi>imziixv>%>« 

[0047] ^mm?* ■/ r^msfacmmittfzT 

VS^-CIt -5 <! 1 1> "TUT* S . H ^*I^(^ffl v ^ § 

tih« vt'yym£m±-mznmP (b)-m[ii 
x\ Mi&mmmm<?>iw?&m. mtttvi-vj*. 

i-h , )T7M.£tzte*Viyj±%i:X'fc&] xm^ttt. z 
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(a) mmmmmitzmzy'u-ytp (b) 
i mttzii 2 mj±zmtoit& z 1 xm^r^ 

y?P (B) -P (A) -P (B) tf£j&t&£ofct 

mmttx. mm^mzit^mm^xp (b) 
-P (A) -Mi^y7vy^^tizti>msvt> 

4. ZOXolzLX, ttz, Stt7'o.y?itfii=tf£ [P 
(B) -P (A) ] n xt>£ifttz7vv7itm-&ikP 

(A) -P (B) -P (A) fcftSifcfcnrtg?**. 

36*, n-7°nt/kUf-^A, n-7WJf-</-A, 2- 

[00481 IC, £ it. Ml& 1 , 

1, 4, 4-fb57x^-l , I > 'l-ft-/?> 
ifcttl, 1,4, 4-rh57x-^-l, 4-/U 
V 7" ? y 5: £' £ ffl u I, i 1 t> ^Ttra £ . * . 

ftffl^M (coinitiators) ZR^&Z fc 

[0049] ^mWTS^ffit LTRAFTM ["T 
MJH77^/'f-i / 3/' (reversible 
addition-fragmentaion) 

ifj] ^xo^ummmx'hmo 9 

8/0 14 78 AliUtKWO 9 9/3 1144 

H#fc(±MJ h [Mac r omo lecti 

les 2000,33,243-245] *«ftfc*5f!| 

izmmxm, zm^m. imam-cm?* 
■v9v mmfkit ix 2 m ofm?**? 

ixw tfz, Bim^mt^^xm^zmmmtzmm 
-tizb h ^mxhh . ij& 1 oco3S£-c(4, 

hUf-**-!K*-b (V) : 

[00 50] 

[ft2] 




(V) 



[00 5 1] £S£-Cffl^&. 

[0 0 52] *l|0JOSJ±®»fflOSit^T-{i, M 
ammmn^LMTM (concentrative 
extruder) Sr MET T'ffl V ^X MM Sr l^i"f" 



[0053] *flJ^S fefcSjgKTtt. *H^c?)!Sfflg 
fMCffl^ 5 QMM%m. mz2 Ofr^A 0fii% 

- 7 x y-;nann, c 5 is ± tp/i fc« c 9 mt*mm 

lit. t°*ySfll£. ^yr>l»flgfci:t^*^2:ny'y# 

iitti. ztit> \$mk t fctisv > im^hitx mm^i 

-fUv7P (A) fcM»L#Sftffi£S8f||ii>fcfflnniE 

trfts**, mz. msm. ^maxunv^^mm 
mxmm. mm^mmz^tzmtymm 

HI. *Kff:ftfl:*StN£. l-f^L^L*StISgfcJ;y^ 
a«MI«^***{f 6 i b iPC* & . 

[0054] ffii^Ji-m, st. Mfl. St^fit 

mm. mmi mm ( e x P a n .1 a n t s ) . a? 

Tio 2 , tfyxtMzmowmomm^Kit^g. 
m ) ^?md^-^ i t i> ^imxfc h o 

[0055] fl5¥«flSflrCfflV^ t31tTV^3|s!BfflK 

mmxmmtzitim^m^m, t xmiim 
b *)bw%-gmT7 0 \y- h ^mmwib ixm^i Z b 

[0056] ^mmmmimmxmm^^tm^z 

mnb Lxcr>-fu -v rm&tekmNth . mm 
mzmu^mwmftiiz^ ^>-y/ yx-f 

-fVTnhVPx— f!Vt£b\ imh7i7y, Mx. 
i±'2, 2-/Xhdry-2-7a:-^-l-7a:-^X 
9J>. 2, 2-y>f^y-2-7x^-l-7x 

-;n?yy, y/ h^-yt Kn^7tb7x7y^ 
fc\ iS7^7r-y-h-;k CTitf2-^fdf^-2 
- b F pdf >-7°n t^7x7 y =5r fc\ 5r#«x^*-;y 
y*n7^ b\ mm2-i~7^>VX}V*-)l?uy~< F 

1, 2-7°o^°yy^-y2- (o-xf^^w- 

[0057] *^0J^7jffi^'WlcM^ifS*X-7^S 

Jtrs ^(cflWtc^: 6 S <3 5r 5 atBJi . (7'yy K^ix 

zMtiffixft o m£izweiz% 0 . z <nm^zi±^ii 

[0 0 58] ziimmtxm^&mifzjksmtt® 
im. mix. mm£Sk<iat>tix^&mM(Dtfm. 
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mUl71)VJ± (^'JXXf/K PET, PE N PP. 
BOPP, PVC) , ^X7" (webs) , Mft, Ml 
ty&i.VXW&Y? 4)VJ± ( s c r i mme d fi 
lms) -t-L,T4fci!lttM HDP 

E, LDPE) tfis&ixh. 

[0059] ^mmmmzmmLfr^z^mmz 
ffloffise^s^ L<{i^j±07j<|g5yr^wi(f 8 o^ 

f>24 0W/cm»aiMffl^t, *h.£fi2 0 0*»i>> 
4 0 0 nm«?ft^H«SI^8l{^^§^-r*\ Mi 

Mpmu* xtmm, m t im? h*- a t j * «ft 

[00 60] ^HSKiSSIfCii. ^yrwai^^ 

WA W± 
Vazo 67 DuPont 



Regal i 
R9 1 



Hercules 



Bisomer BP 

P P A 6 Chemicals 

Bisomer BP 

P E A 6 Chemical s 

mm 

•tiXIBf&K (MiTA) 

IB** 1 3 mm©iff-7>i Z ; mVi% *^»Ht 
ftf^M^li20mmxl 3 m 
m(I§x|)T*i,^ Ml, Tld^ll^St 
: SiBT 1 k g coS 0 £lif ESNfr- TtcISS L t 
T 22 0 tfjgTf 13 & IBS* L o 

[00 63] Z<?)§mt&^mmmffl (shear 
adhesion t i m e s ) £#*5K*tE$iU 

18 0° fS#^UM (SCUT BP T B 2 ) 

(TBI) ifcliPE (TB 
2)Tk-HC{«£^ 0 2kgcDfi0^ffl^TfrlB 

-eofitt^ttfriats^r-T^Mfs^s^^ 1 8 o- <a 

MT'3 0 0mm 1 # H** Lfc . ±X COM 
feZMMZixttm (con trol I eel c 1 im 
ate) *ffT^ST"»ftL^o N/cmffg 
U i *U4 3 0ff o £i!5E?)¥*JT'& S . 
?l#ilJ^'L^iMjD (SSS*TC UTC2) 
*"iJlXf/Htftf?ttli ; 2 OmmtDT? U/WI 

mEmmm^^mum (tcd a^aPE <tc 



[oo6i]fot, *HHH-ea. lie, ;«±tiE 
iic) fi^^iBSttijgaittsi-essftw^BStfc 

[0062] 

22 k tzi> *) , ?*LT W^^£»£gitl> - 1 £ 

at* & warn. 

2, 2' -T7"bX(2-X^To 
M„ = 5 00gA;k 

zmm=\. 4 

R^KBB : 8 5 - 9 rC 
iK U 7°n t P y y V 3 -;K 6 

# y xf u y ^ i; rj -;H 6 
T7 'J l-h 

ms.mmm^mimvMiz 2 mru^w mm . 

18 0° <F>flWX' 3 0 0 m m/^j&KT"? [ § L 

h U - h WiffllS : flUSOTJ t LT WTIBtf) h 

'J ttil-X*- 1- ( V ) «PM£M a c r o m o 1 e 

cules 2000, 33, 243-24 5i3j;y'S 

ynth. Commun. 1 988. 1 8, 1 53 1- 

1 5 3 6£i-5t:fToit. 

[0064] 

[^3] 




[0065] S^HII 

b'J^^-iK^—hWi&fbKUX^^y (VI ) :5 
OOmlOSchle nkgfilCXf l/>^4 0 0 m 1 
*5it^hU^*-^-h (V) £3. 47g (0. 
0 1 1 7 2tA ) fiS/vt". ^)SS(3l^£30fi^ 
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TKMi^WLTVazo 6 7 (ffig) (Du 
Pont)SrO. 2gjD£, 8S?F&?T^&i& s 6*&£4 
8lBfSiafctfc. M^^SM"^. ^W^f (b 
at c h) fcRTH&SIU lOOOmlWy 

7 o n * 7 y nmm £ , at l < mn t> i . 

yV»/h Tim Ltzm. G P C -Cfttfi b tz ( M n = 2 2 
4 0 0. M„/M n = 1 .51). 

hy-f^*-^-M-fi»°yx^-^y (vii) : 

750mlfflSchle nkgfCXf 5 0 0m 

lfcitfh b (v) *3. 4 7g 

( 0 . Oil 72W) fta/CT". ^<^MM^£ 3 

o -etc ipsa ltejsgm^ -tec 4 s mmfti%tft> 

fcttfllU fi^rfrSr 1 0 0 0ml coy^nn^^ytl 

tz^k, GVCT'ftttLtz (M n =2 9 1 00, M w /M n 
= 1. 26) „ 

[00 66] 1 : 7i^M£ffl«tIffl«5M 

izvo^A-^^-VSm^Vx^uy (VI ) * 
3 2g. T^U;I/K2-x^;I/^^I/Sr4 0 0g, B 
isomerPPA 6 (MS) (BP Chemic 
als)^76g, 7?y/l/K£4 giUJ/Vaz o 
6 7 (ffig) (DuPont)SrO. 12gM^. 
7/^>£r 2 O^iit^LTRjEfi^^S 20fr^ 
tzm, ZfxZffl$L%tft>7 0°aztmitz, 4B#fl 

ft, T-fe r >VM ( 9 7 : 3 ) £ 2 0 0 

gfflV^*R£frV\ SB^IfJL Vazo 6 7 (ffi 
80 £0. 1 2gffllvcBI»fc£!iffiU *LT2 4B* 

[00 67] *fif?1i, lufE^'.y^^RT^aL. 7 

M«STJ?»* S 2 3jumtOS a r a nTHD PET^ft 
TBI, TB2, TC 1 £ JtfTC 2fc 

[0068] mmm2 

IffiftsKU Xf-V^ (VI) £ 3 2 g . 7 7 U /US 2 - 
Xf;K^y/^440g, BisomerPPA 6 
(ffifl) (BP Chemicals) ^36g, 7^ 
U/HJ4gfcj;y'Vazo 67 (jffig) (DuPo 
n t ) £ 0 . 12 gffcSXfc*, 7/k3>£ 2 OiHUftlL 

* ^xmrnmrn 2 mff -^fJL ;jiwlw 

7 0 TjztmLfz, 4 Bftg|£L 7-fe b y/A yrxm 

7-4- ( 9 7 : 3 ) £ 2 0 0 gfflUT#»MV\ 5B# 



ISft. Vazo 6 7 (MS) £0.12 gffl^TSi 

[0069] «m. MlE^y f-fcRTteJSfflU 7" 
n -y ?2«^£*£/9S6i** t* * -y b KA*rCi88 

BSmiTJP^^ 3>xmflSa r a nTi^PETJS 
ftt5 0g/m^lfllftlIL^, £*>£j£ 
ttfc?ji£TA. TBI. TB2. TC 1 H it/TC 2 

[0070] »SM3 : 5S^bfi^ffl»fIffl«TOi 

^:^'Jf^-«-^^iWJxf^y (vnt 

32g. 7^ >;Af!2 -xf 3 6 0 g, B 

isomerPPA 6 (MI) (BP Chemic 
als)ill6g, r^'J/UHgfiWVazo 
6 7 (If 80 (DuPont)^O. 12gffi^C 

fi 0 7^3->^ 2 o*sau^ ixmmcomm 2 0 
-rfi^sstf L%tft>7 o-aztrnxtz, 4B# 

FhHS:. 7-fe b V/A V7unj-)\, ( 9 7 : 3 ) £ 2 0 
Ogl^TM^lL- Vazo 67 

mm) so. i2gfflvvcsRB&*£»u *i/c2 

[0 07 1 ] #(irC(i, ffifEA'y^RT^fflU 7* 
n >y 9^m^m^M/^m^ £' * -y b t AtlT^$ 

IKtPi 5 2 3 ,u m S a r a n T?£ 9 P E T£& 

ttJSTA, TB 1 . TB2. T C 1 *3 i tfT C 2 

[0072] HJ£fylj4 : 7>^S^ffl?)tifflc?)KjlSff 

'Jf ^^/--W- M^Wf (vii) 

Sr3 2g. 7^y;Hgn-7"^?r34 0 g. T7V)V 
i^4g, Bisomer PPA 6 (ffifl) (BP 
Chemical s)£4 0g. tSZMTVA V 7*f- 
n— hy;P (AIBN) SrO. 12 gffi^^f . 7/L-a" 
y«r 2 0^f§jat^ LTRJtBM«Jim& 2 Effort:^ 
i^&iitfL^^6 0°CtJn«t. 2B#r B 1ft. Vaz 
o 67 mm &0. 1 2gffl^TBif1te&llffit. 
6 Mi. 7-fe VTPAV^ (97:3)^ 

1 5 o gfln,vc:?BR£!Sjfeu * lt 2AmmAzm^ 

ZWit^tz* #i«T1x. ffrie^'-y^&RT^fflt. 

7o -y ^*s^»*K^/ieidf * h"^ -y h izxtvcm 
mm^m^mkLtztk. xu-yYfAxmv^^tii 

WUffiffiXW&W 23,«m(0SaranTi')PETj 
(RfttiTSTA. TBI. TB 2 , TC 1 J^'TC 2 
[0073] HftH 5 : 5 ^;«^ffl«OlifflcoaHf 

\,zvm-^ii~x*~v^mitKv xi-v> (vii) 

&32g. 7^"J;Hn-7"f;^340g, 7^'J^ 
IHg, Bisomer PEA 6(ffifl) (BP 
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Chemicals) ^40g, fi i. UTV'A V 7"f- 
o- h U /K A I B N ) £ 0 . 12 gffi&Wf. 
y §r 2 0 irPJBI L * LTMJE«cDJK5i£ 2 Ultr o 

;^&«ffL^*^6o°ac«t. 2.mm. v az 

o 6 7 (ffiM) £0. 12gffllvtBlfWi£«4U 
6^^. T-b h V/A VTurtJ—)V ( 9 7 : 3 ) £ 

1 5 o &m^xma.*mm^ zix2mmmzm-s 

£f?.it3-£fc. #KffiT(±. frfEA-y^SRTt^iflU 

m&MTlf&tf 23^mOSaranTl , )PETj 
J&M-^TA. TBI. TB2. TClfe±t/TC2 
[0 0 74] SatW6 

^Sfc^JSW^JBSrSOigLfc. SSf*, EBCHMS2 
0 0 k V^M€ffiT"fflUTlufEIiJ±»*T-Tt 1 0 

SltMTA, TBI, TB 2 . TC 1 £ itfTC 2 

[0 0 7 5] H6fc0lj7 : 5 S^^S^ffltfWffl^RJGW 
fcHJ bim*°yx^>- (VII) 

£3 2g, 7^'J;Hn-/fM3 0 0g, 7? 'J;P 
U4g, Bisomer PPA 6 (ffiff) (BP 
Chemicals) S 8 0 g , fciZ/TVM V 7> 
O-h'J/KAIBN)i0. 12 gffi&Wf. 7/1/3" 

>s 2 o^Hau^-UTRSW^m* 2@ffoft», 
^^^jtfft^%6ortaD»L, 2B#r a m v az 

0 6 7 (MS) SO. 12gfflV.-r;SBItt£fSjiU 
6B#|S!ft, T^Yy/AV7"anj-)V ( 9 7 : 3 ) £ 

1 5 0 gfflWCf^UffiU -e LT 2 4B$TOcfi^ 

7"n >y ^4±fi^*^^(7)«K|t"J¥^^ 2 3 ju m(7) S a 
ranTl^PE T£fftfct 5 0 g/m^iW?t 
SL^S. I7).ti^5-^+-r>(l7jL-r 1 2 0 Ct" 



Bl. TB2. TCltiJ:tfTC2t:tS!-3iSil&fl-3 
[0076] : 5^^fi^ffl««ffl»RJBfll 

fcHJ h (V) Si. 8g. r?y>H& 

2 -Xf/lA^f^S 440g, Bisomer PP 
A 6 (mm) (BP Chemicals) £36 

g. 7?U;Hi£4g£;J;^7b hy£2 5 0gf±gX 

xmrnttz, ;«RM-&»8oti:iiL^ova 

zo 6 7 (i§M) (DuPont) SO. 2giW 
Sit it. * LT 4 ^P^KJWaM. 

Vazo 67 (ffil) (DuPont)»0. 2 
gfe ilUc . ffi?$:fi^%tft>4 

at. iiiS*MM^b^-y H=AixT*§SS^* 
U 2 0 0 go Wl/xyfc 7 5 g fxxf-P yT'\K 0 ±(f 

<S9@WC\ tulS^^^SSJS 3 Hlff -^f&t-HxS 
T^3>Ti#^L^„ 1 5°CtJn»t^oVa 

zo 6 7 (DuPont) JO. 1 gmtWt 

hi\t -cs^Bitts . 3 B§r B i£ i v 6 

l^HVazo 6 7 (MS) (DuPon 
t)S0. lgl^TSMKIffiLt. 4 8H*|S!tf>K 

tZo £ML tz 7'n 9 &n^ik*m&?MmX'lffrtf 2 
3jum<&SaranT&9PET£fWfcfc5 0g/m2 
0&ffi$ST'SaiLfca, ^!,*Sf^-7>tA;fX 
T 1 2 0°CT"1 OiHfflBSSS-lffc. <W=, i?Mftt 
Ji£TA, TBI. TB2. TC 1 £ ±.t/TC 2 tfs!^ 

m&tiotz* 
jss. 

MIBIM 1 *^ 8^K«6WESTfE^i<itW § . 
[0077] 
[IS1] 



31 


Steffi 


SAT RT (TA 

[mini 


BS fTB1 
[N/cm] 


BS fTB2 
[N/cm] 


BS/TC1 
[N/cm] 


BS/TC2 
(N/cm) 


«[%] 


HE[%] 




+10 000 


3.0 


0.8 


3.1 


0.9 


:3.3 


+12.5 


2 


+10 000 




09 


4.2 




+22.2 


3 


+10 000 


2.7 


0.6 


2.7 




0 


+16.7 




+10 ODD 


3.6 


0.9 


3.8 




+S.6 




5 


+10 000 


3.5 




37 


1.0 


+5.7 


+5.5 


s 


+10 000 


2.0 


0.4 




0.4 


+10 


□ 


7 


+10 000 


3.2 


0.6 


3.3 


0.6 




0 


S 


3480 


2.5 


05 




0.6 


*16 


+/0 



mssr 

C2: 4. yirw;S1LT72WMS6 



[00 78] ^[^iO^'L^iMSD : r^j ^«S»t 
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II Bisomer PPA 6 (MS) ^ftfi^rffl* 

S^PJtixh^^HtflWa^^rt-fetSSt L/C, 

81*; X r/.t: 'J i-h> <?)M^r i - # I T ffl^ ^ ( £ fJ ^ 1 -h 

ffl 4 7 i4¥%4^ fi ( ) *«it«WAv ^ 'J x 
fi/y/n^^Si^fttl)! iixt|5l«tB i so 

mer PPA 6 (f§M) ^fctiPE A 6 * 
HfrSiWC^ll/O^. »4«6tl431»£l 0 

l^Hi jgfcffiT Lfctfgi # JM** L^jiO WiUfb 
. 'U«T/ii.. mmVimr:^ I r.:7'n ., 7 jfe 

J2P (A) -P (B) -P ( A ) M<7)3i7"n ^ 
[00 79] *%0J^®fe ±tf!WWiJaTtf>fctJ 0? 

CH 2 = CH ( R 111 ) (COOR 1 ' 
(3^ s RH^HifcttCHs-CftO, ^kTR IV J4. 
/ij3-;^fi^^< k 1 2#ffir$-£* 'J =T?-tt 

- P ( B ) (4, k fc 1 a<?5#MftB 1 

>y?£SIU ;it% ^S^fC/n^P (B) {±2 
0°C^£> 1 7 5iC0>Rfl3&BE*3j*U * tT 

- W m&#7u v ? P ( A ) k URS-^ffcrn -y ? 

p (b) {±%-t(iM»t^v^] «^5stiifK§ 

[008 1 ] 2 . H&S^tfi^ k fc 1 «co t'X 
;Wb^W«*A^fi#cA 3tLTffll^ixTU§m 

[0 0 82] 3. ^A^'TIB^ffl^: 

- #»#cAncfflst--&r^y;nsi^«ft*3j;y ; '/s 

- #j*A2tffl^-£^ydv-tttL<(i^y-? 
-«^'y 3-/1^ 3*>t 5 osa%. 

- #M*A3tfflS-rSh*^;Wfc^BfS0*»(?>2 5S 

*%, *fttzmm<?yj?%< 1 1 1 w^ft*^ 

[ 0 0 8 3 ] 4 . mfB***A 1 TSfX R 11 P 

wmztix^i frmismz tix \ *arv ^xnffisa^ 
frt> 1 4<Dmmm<m^ #mti> t< immmh i 
< \±mm\T}V*>mxh h mmm^x <ti>i iiibk 

[0 0 84] 5. ^'Jxfi/y^ija^cor^'J;!/ 
ixx t)V , slfijif -/i^) A9T9 y>ns 

xxf-A\ sK' J 7nt>y/ y a—AWT? U/Pffix* 



[0 080] 1. 7'ny^*a-^#:^C^-3^l®jE 
JftSPC* -5 T . Wl B7"n y ? £S£fle# 3 3*Mfi^fr 
7n >y ? T'«fi!c§ifiT V *&sm*&% < 1 t> 1 L 
T^TffltE3iiSfi^*7"0 -y ? ^fi^*7"n >y ? P 

(A) kP (B) 

- P (A) {±, ^<t^2«M«#fi*Al, A2 

^O'y^SU ;«fi^-#:7"n-y^P 
( A ) (4- 8 0*C#^ 0 'CCOft-ftiSUg*^ I , 

- mft&ftAcv%.m{kWj?%< k ( A 1 ) (4 S 
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ABSTRACT 



A pressure sensitive adhesive based on block copolymers, 
said block copolymers having at least one unit composed of 
three successive polymer blocks comprising alternating 
polymer blocks P(A) and P(B), wherein 

P(A) has a softening temperature of from -80° C. to 0° C, 

and is comprised of 
at least one aery he or methacrylic acid derivative of the 
general formula 



CH : =CH(R')(COOR") 



CO 



at least one acrylated monomer of the general formula 
CH 2 =CH(R'")(COOR") (II), and 



P(B) represents a homopolymer or copolymer block hav- 
ing a softening temperature of from 20° C. to 175° C, 



17 Claims, No Drawings 



us 6j: 

1 

PRESSURE SENSITIVE ADHESIVE, 
PARTICULARLY FOR APOLAR SURFACES 

The invention relates to pressure sensitive adhesives 
based on block copolymers, said block copolymers com- 
prising at least the unit P(A)-P(B)-P(A), composed of a 
middle polymer block P(B) and of two polymer blocks P(A) 
surrounding the middle polymer block P(B), or the unit 
P(B)-P(A)-P(B), composed of a middle polymer block P(A) 
and of two polymci blocks P(B) surrounding the middle 
polymer block P(A), to the use of such adhesives, and to a 
process lor preparing them. 

BACKGROUND OF THE INVENTION 

In industry, hotmelt processes operating with solventless 
coating technology are of growing importance in the prepa- 
ration of pressure sensitive adhesives. In general, environ- 
mental regulations and increasing costs are forcing forward 
the development process of such adhesives. Besides SIS 
(styrene-isoprene-styrene copolymers) systems, acrylic 
polymers are increasingly being applied from the inch as a 
polymer film to backing materials. Moreover, for specialty 
applications, pressure sensitive adhesive tapes which feature 
very low outgassing are needed. This is something which 
can be ensured only by means of hotmelt processes, since 
conventional coalings applied from solution always still 
conlain small I'raclions of residual solvent. 

As a result of the changeover to hotmelt processes, some 
of the crosslinking mechanisms employed to date are 
becoming redundant. For example, thermal crosslinking 
processes using metal chelates or polyfunction^ 
isocyanatcs, which arc very popular with the solvent-based 
systems, can no longer be employed. As a result, the 
crosslinking of polyacrylate pressure sensitive adhesives by 
irradiation with ultraviolet light (UV) or with electron beams 
(EB), the latter being known as electron beam curing (EBC), 
is being strongly promoted at the present time. 

Furthermore, there is an increasing demand for reposi- 
tionable pressure sensitive adhesive tapes. These tapes show 
no peel increase on a variety of substrates; that is, even after 
being bonded for several days or weeks, there is no change 
in the bond strength and the tapes can be removed from the 
substrate without residue. 

In order, then, to lower the bond strengths to polar 
substrates, such as steel, for example, and to ensure 
repositionability, it is very common to add apolar resins. An 
unwanted side effect of this method is often the migration of 
the resins within the pressure sensitive adhesive. 
More recent methods use microparticles in the pressure 
sensitive adhesives. In this case, heat-expandable micropar- 
ticles [U.S. Pat. No. 5,441,810 A] are used which following 
temperature exposure expand and permit easier removal 
from the substrate. The temperature increase required before 
the adhesive is removed is a disadvantage. 
Further examples of the use of microspherical particles are 
given in U.S. Pat. No. 5,746,625 A. Here again, reposition- 
able pressure sensitive adhesives and corresponding tapes 
with the addition of these additives are produced. 
U.S. Pat. Nos. 4,166,152 A, 4,495,318 A, and 4,598,112 A 
likewise describe tacky particles which can be "reused" as 
adhesives. 

A disadvantage common to all adhesives containing micro- 
spherical particles is that they cannot be used as hotmelt 
pressure sensitive adhesives. Since in the hotmelt process 
high shear forces are exerted by the extrusion procedure on 
the adhesive and on the particles, with the consequence that 
the particles are destroyed in the course of processing. 

EP 0 707 604 Af uses polyethylene/butylene macromono- 
mers for copoly 111 erization with aery lates. As a result, phases 
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are formed which have a low glass transition temperature, 
which in turn allow the adhesives to flow on apolar surfaces, 
and which therefore ensure high bond strengths to PE and 
PP. 

5 Additionally, these adhesives, owing to their low polarity, 
are said to possess a low peel increase at least on polar 
substrates. A disadvantage is the poor conversion of the 
polymerization process described. Moreover, these pressure 
sensitive adhesives require crosslinking. since otherwise the 
cohesion of the pressure sensitive adhesive tapes becomes 

10 too low. Moreover, it is very difficult to process these 
polyacrylates as hotmelts, since the high residual monomer 
fractions impact negatively on the concentration process, 
and migration in the adhesive tape can adversely affect the 
long-term technological properties. 

15 U.S. Pat. Nos. 5,614,586 A and 5,674,275 A describe 
tacky hydrogels which can be prepared from ethoxylated 
comonomers. The materials produced are repositionable, but 
are not pressure sensitive adhesives. 

U ,S. Pat. No. 5,314,962 A describes A-B-A block copoly- 

, 0 mens as elastomers for adhesives. which possess A domain 
formation as their cohesion-forming feature. As a result of 
the selection of the comonomers used, however, desired 
repositionable pressure sensitive adhesives cannot be pro- 

EP 0 921 170 Al describes A-B-A block copolymers 

2 ' which have been modified with additions of resin. Here 
again, owing to the selection of the comonomers and added 
resins, pressure sensitive adhesives with good reposition- 
ability cannot be achieved. 
EP 0 408 429 Al and EP 0 408 420 Al describe A-B-A 

30 block copolymers which, however, were synthesized by 
living anionic polymerization. Because of the absence of an 
acrylic acid fraction, however, these polymers are unsuited 
to use as pressure sensitive adhesives, since the internal 
cohesion of the middle block is too low. Additionally, 

35 because of the anionic polymerization, it is not possible to 
use readily deprotonated comonomers such as hydroxyl- 
functionalized or ethoxy-functionalized acrylates or 
methacrylates, for example. 

In U.S. Pat. No. 6,069,205 A, diblock and triblock copoly- 

4Q mers are prepared by an atom transfer polymerization and 
utilized tor adhesives. This method is also unsuitable for 

tively high catalytic amounts of heavy metal compounds 
which would have to be removed, in a cumbersome 
operation, by extraction processes. 

43 EP 1 008 640 Al describes styrene block copolymers 
comprising an acrylate middle block composed, however, of 
the common C 2 to C 14 alkylacrylatcs. Because of the restric- 
tion of the comonomers this method can also not be used to 
produce repositionable pressure sensitive adhesives. 

5n Moreover, metal salts are used to prepare these polymers too 
(in analogy to U.S. Pat. No. 6,069,205 A), which would have 
to be removed, again a cumbersome operation, for pressure 
sensitive adhesive tape applications. 

It is an object of the invention to provide improved 

55 pressure sensitive adhesives which do not have the disad- 
vantages of the prior art, or only to a reduced extent, and 
which, therefore, can be coated even in the uncrosslinked 
state, possess consistent bond strength to a variety of 
substrates, can be processed as hotmelt adhesives, and 

go exhibit good cohesion. 

SUMMARY OF THE INVENTION 
The invention accordingly provides a pressure sensitive 
adhesive based on block copolymers, said block copolymers 
having at least one unit composed of three successive 

65 polymer blocks, said three successive polymer blocks being 
chosen in alternation from the group of the polymer blocks 
P(A) and P(B), wherein 
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P(A) represents a homopolymer or copolymer block 
obtainable from a component A which is composed of 
at least two monomers Al, A2, the polymer block P(A) 
having a softening temperature of from -80° C. to 0° 
C, 

at least one (Al) of the monomers of component A is an 
acrylic or methacrylic acid derivative of the general 



from 0 to 25% by weight vin\ 1 ci impounds corresponding 



to 



A3. 



CH 2 =CH(R')(COOR") 



00 3 



in which R 7 =H or CH 3 and R" is an aliphatic linear, 
branched or cyclic, substituted or unsubstituted, saturated or 
unsaturated alkyl radical having from 1 to 20 carbon atoms, 
at least one further (A2) of the monomers of component 15 
A is an acrylated monomer of the general formula 



CH 2 =CH(R'") (COOR"0 



(10 



in which R"'=H or CH 3 and R ,v is an oligomeric or 
polymeric glycol with at least two glycol units, 

P(B) represents a homopolymer or copolymer block 
obtainable from a component B which is composed of 
at least one monomer Bl, the polymer block P(B) 
having a softening temperature of from 20° C. to 175° 
C, and : : 

the polymer blocks P(A) are not homogeneously miscible 

with the polymer blocks P(B). 
Accordingly, the block copolymers of the inventive pres- 
sure sensilive adhesive comprise al leasl I he nnil P(H)-P(A)- 
P(B) composed of a middle polymer block P(A) and of two 
polymer blocks P(B) enclosing the middle polymer block 
P(A), and or the structural unil which is inverse to this, i.e.. 
at least the unit P(A)-P(B)-P(A) composed of a middle 
polymer block P(B) and of two polymer blocks P( A) enclos- 
ing lie middle polymci block P(I5), subject to the above- 
described proviso for the polymer blocks P(A) and P(B). 

The block copolymers for the pressure sensilive adhesive 
of the invention can be prepared and used to advantage in a 

very wide variety of structures. Explicitly, reference maybe 
made to linear or branched chains of the polymer blocks 40 
P(A) and P(B), corresponding for example to a general 
structure [P(A)-P(B)]„, to star polymers of P(A) and P(B), 
corresponding for example to the general structures [[P(A)- 
P(U)U„X or [[P(B)-P(A)]„]„,Xor [[P(A)-F(B)]„],„X[P(A)- 
P(H)] ! ,., lo, he general slnielures [[P(A)d'(15)] ] XI n, 4S 
[[P(H)-P(A)]„],„XI 7 „ in which L here can denote different 
radicals. The enumeration of these structures is intended 
only by way of example, without representing any limita- 
tion. The structures also embrace all of the "asymmetric" 
structures in which all of the polymer blocks P(A) and P(B) 
meet per se the definitions mentioned above, but in which 50 
the indices n, m, p and q imply only the multiple occurrence 
of the individual units but not their chemical or structural 
identity. L can with preference be radicals which, for 
example, represent poly(meth)acrylates but which do not 
inherently have a block structure. Also included here are 55 
homopolymers of the components A or B. 

In one further development of the inventive pressure 
sensitive adhesive, at least one vinyl compound containing 
functional groups is used as a further monomer A3 for 
component A. 60 

It is particularly advantageous if component A for syn- 
thesizing the polymer blocks P(A) has the following com- 
position: 

from 25 to 979? by w eight acrylic acid and/or methacrylic 
acid derivatives corresponding to monomer Al, 65 

from 3 to 50% by weight oligomeric or polymeric glycol 
corresponding 



In a very advantageous procedure, the monomers chosen 
for component A are acrylic and or vinyl monomers which 
lower the glass transition temperature of the block P(A) — 
alone or in combination with further monomers for compo- 
nent A— to below 0° C. 

As monomers Al it is preferred to use one or more 
compounds described by the general formula (I) in which 
R 7 =H or CH 3 and the radical R" is chosen from the group 
consisting of aliphatic linear, branched or cyclic, substituted 
or unsubstituted, saturated or unsaturated alkyl radicals 
having from 4 to 14, preferably from 4 to 9, carbon atoms. 

Preferred examples of monomers Al are n-butyl acrylate, 
n-pentyl acrylate, n-hexyl acrylate, n-heptyl acrylate, n-octyl 
acrylate, n-nonyl acrylate and their branched isomers, such 
as 2-ethylhexyl acrylate, for example. Furthermore, the 
methacrylates corresponding to the abovementioned acry- 
lates are among preferred examples of the monomers Al. 
Compounds w hich lend themselves outstandingly to use as 
monomers Al are, additionally, isobutyl acrylate, isooctyl 
acrylate, and isobornyl acrylate. 

As monomers A2 it is very preferable to use acrylated 
and/or mcthacrylatcd polyethylene and/or polypropylene 
glycols and or derivatives thereof. These monomers contain 
at least two glycol units. Preference is given to using 
polyethylene glycol acrylate, polyethylene glycol 
mcthacrylatc, polypropylene ghcol acrvlatc and/or polypro- 
pylene glycol methacrylate. Commercially available 
examples that may be mentioned here, which are very 
preferred, are the products having the following trade 
names: Bisomcr PPA 6™, Bisomcr PPA 5™, Bisomcr PEA 
6™(all BP Chemicals AG), for specifications see the fol- 
lowing table. 



Bisomer PPA 6 polypropylene glycol (6 mol) acrylate 
Bisomer PPA 5 polypropylene glycol (5 mol) acrylate 
Bisomer PEA 6 polyethylene glycol (6 mol) acrylate 



As monomers A3 for synthesizing the blocks P(A) it is 
preferred likewise to use those monomers which lower the 
glass transition temperature of the block P( A)— including in 
combination with the monomers A2 and/or A3 — to below 0° 
C. Vinyl compounds in the above sense are all monomers 
containing a vinylogous double bond capable of 
polymerization, especially those in which this double bond 
is activated for polymerization by functional groups. In this 
sense it is also possible to classify ( meth (acrylates within the 
group of the vinyl monomers. 

In one very advantageous embodiment of the invention, at 
least one of the monomers of component A, especially at 
least one of the monomers A3, is chosen such that it contains 
one or more functional groups which can be used for a 
crosslinking reaction of the block copolymers, especially for 
a thermal or radiation-chemical crosslinking, and, very 
particularly, for a crosslinking which is induced and/or 
assisted by UV radiation or by irradiation with electron 

With particular advantage, these can be (meth)acrylic 
derivatives containing unsaturated alkyl radicals in the radi- 
cal R" 7 , of the general formula 

CH 2 =CH(R v )(COOR v7 ) (III) 

in which R'=H or CH 3 . Preferred for R w are alkyl radicals 
having from 3 to 14 carbon atoms which contain at least one 
C — C double bond. For acrylates modified with double 
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bunds, allyl acrylate and acrylated cinnamates are particu- 
larly advantageous. 

In one advantageous variant of the pressure sensitive adhe- 
sive of the invention, it is also possible to use acrylic 
monomers of the general formula (III) in which the group 5 
— OR w represents another functional group for crosslinking 
of the adhesive or comprises one or more further and/or 
different functional groups lor crosslinking of the adhesive. 
Moreover, it is also possible, very ad\ antageously, to use as 
monomers A3 vinyl compounds having further double lQ 
bonds which do not react during the (radical) polymeriza- 
tion. Particularly preferred examples are isoprene and buta- 

Preferred examples of monomers A3 further include vinyl 
acetate, acrylamidcs, photoinitiatcrs lunctionali/.cd with at 
least one double bond, tetrahydrofuryl acrylate, hydroxy- 15 
fiinctionali/,cd (mclh)acry kites, carboxykl unclionali/cd 
(meth)acrylates, amine- or amidc-lunclionalized (meth) 
acrylates, and also vinyl esters, vinyl ethers, vinyl halides, 
vinylidene halides, vinyl compounds containing aromatic 
ring systems and heterocyclic syslems in a position, espe- , n 
cially vinyl acetate, vinylformamide, vinylpyridine, ethyl 
vinyl ether, vinyl chloride, vinylidene chloride, and acry- 
lonitrile. 

As monomers A3 it is also possible to use, with advantage, 
hydroxyclhyl acrylate, hydroxy-propyl acrylate, hydroxy- 
ethyl methacrykite, hydroxypropyl ethacrylate, acrylic acid, -5 
methacrylic acid, allyl alcohol, maleie anhydride, itaconic 
anhydride, itaconic acid, benzoin acrylate, acrylated 
benzophenone, acrylamide, and glyceridyl methacrylate. 

In another very advantageous embodiment of the inven- 
tive pressure sensitive adhesive, functional groups capable > 
of crosslinking are introduced which are capable of a 
crosslinking reaction under the effect of thermal energy. 
Greatly preferred in this context arc hydroxyl, carboxyl, 
epoxy, amide, isocyanato or amino groups. 

Component B monomer compounds are preferably cho- 35 
sen such that the polymer blocks P(B) are capable of 
forming a two-phase domain structure with the polymer 
bk icks P( A). Advantageous examples of compounds used as 
component B are vinylaromatics, methyl methacrylates, 
cyclohexyl methacrylates, and isobornyl methacrylates. Par- 
ticularly preferred examples for component B arc methyl 40 
methacrylate and styrene. 

It has been found particularly advantageous for the inven- 
tion if the block copolymers have an average molecular 
weight M„, (numerical average) of between 5 000 and 600 
000 "g niol. in particular between NO 000 and 450 01)0 g mok 45 

The fraction of the polymer blocks P(B) is preferably 
between 10 and 60% by weight, in particular between 15 and 
40% by weight, of the overall block copolymers. 

The invention additionally provides a process for prepar- 
ing the inventive pressure sensitive adhesive, in which the sn 
block copolymer is prepared by a trithiocarbonate- 
controlled radical polymerization. 

For preparing the block copolymers used for the pressure 
sensitive adhesives of the invention, it is also possible in 
principle, however, to use any polymerization which pro- 55 
ceeds in accordance with a controlled-growth radical 
mechanism, such as, for example, ATRP (atom-transfer 
radical polymerization) or nitroxide/TEMPO controlled 
polymerization or, more preferably, the RAFT process (rapid 
add it ion -fragmentation chain transfer). 

The polymerization can be conducted in the presence of 60 
an organic solvent or in the presence of water, or in mixtures 
of organic solvents and/or water, or else without solvent. It 
is preferred to use as little solvent as possible. Depending on 
conversion and temperature, the polymerization time is 
between 6 and 72 hours. 65 

In the case of solution polymerization, the solvents used 
arc preferably esters of saturated carboxylic acids (such as 



ethyl acetate), aliphatic hydrocarbons (such as n-hexane or 
n-heptane), ketones (such as acetone or methyl ethyl 
ketone), special boiling noun spirit, aromatic solvents such 
as toluene or xylene, or mixtures of these solvents. For 
polymerization in aqueous media or in mixtures of organic 
and aqueous solvents, it is preferred to add cmulsificrs and 
stabilizers for the polymerization. Polymerization initiators 
used are customary radical-forming compounds such as, for 
example, peroxides, azo compounds, and peroxosulfates. 
Initiator mixtures are also outstandingly suitable. 
For the purpose of radical stabilization, nitroxides of type 
(IVa) or (IVb) are used: 

(IVa) 



T 

X 

I 



in which R 1; R,, R 3 , R 4 , R 5 , R s , R 7 , and R 8 independently 
of one another denote the following compounds or atoms: 

i) halides, such as chlorine, bromine or iodine 

ii) linear, branched, cyclic, and heterocyclic hydrocarbons 
having from 1 to 20 carbon atoms, which can be saturated, 
unsaturated, and aromatic, 

iii) esters — C00R 9 , alkoxides — OR 10 and/or phospho- 
nates — PO(OR 11 ) 2 , in which R 9 , R 10 and R 21 are radicals 
from group ii). 

The compounds (IVa) or (IVb) may also be attached to 
polymer chains of any kind and can therefore be used for 
constructing the block copolymers, as macroradicals or 
macroregulators. 

As controlled regulators for the polymerization it is more 
preferred to use compounds of the following types: 

2.2.5.5- tetramethyl-l-pyrrolidinyloxyl (PROXYL), 

3- carbamoyl-PROXYI., 2,2-dimethy1-4,5-cyclofiexyl- 
PROXYL, 3-oxo-PROXYL, 3-hydroxyliminc- 
PROXYL, 3-aminomethyl-PROXYL, 3-methoxy- 
PROXYL, 3-t-butyl-PROXYL, 3,4-di-t-butyl- 
PROXYL 

2.2.6.6- tetramethyl-l-piperidinyloxy (TEMPO), 

4- benzoyloxy-TEMPO, 4-methoxy-TEMPO, 4-chloro- 
TEMPO, 4-hydroxy-TEMPO, 4-oxo-TEMPO, 
4-amino-TEMPO, 2,2,6, 6, -tetrae thy 1- 1 - 
piperidinyloxyl, 2,2,6-trimethyl-6-ethyl-l - 
piperidinyloxyl 

N-tert-butyl l-phenyl-2-methylpropyl nitroxide 
N-tert-butyl l-(2-naphthyl)-2-methylpropyl nitroxide 
N-tert-butyl l-diethylphosphono-2,2-dimethylpropyl 

nitroxide 
N-tf 

m 

N-(l-phenyl-2-methylpropyl) 1 -diethylphosphono- 1 

methylethyl nitroxide 
di-t-butyl nitroxide 
diphenyl nitroxide 
t-butyl t-amyl nitroxide. 

As a further controlled polymerization method, use ii 
made of atom transfer radical polymerization (ATRP), ii 
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which preferably mnnolu notional or dii'unctional secondary 
or tertiary halides are used as initiators and the halide(s) is 
(arc) abstracted using complexes of Cu, Ni, Fe, Pd, Pt, Ru, 
Os, Rh, Co, Ir, Cu, Ag or Au [EP 0 824 111 Al; EP 0 826 
698 Al; EP 0 824 110 Al; EP 0 841 346 Al; EP 0 850 957 
Al]. The various possibilities of ATRP arc described further 
in the documents U.S. Pat. Nos. 5,945,491 A, 5,854,364 A, 
and 5,789,487 A. 

The block copolymers of the invention can also be 
prepared by anionic polymerization. In this case the reaction 
medium used preferably comprises inert solvents, such as 
aliphatic and cycloalipbatic hydrocarbons, or else aromatic 
hydrocarbons, for example. The living polymer is generally 
represented by the structure P(B)-M, in which M is a metal 
from Group I of the Periodic Table, such as lithium, sodium 
or potassium, for example. The molecular weight of the 
polymer is determined by the ratio of initiator to monomer. 
In order to construct the block structure, the monomers for 
block P(A) are added, after which the monomer(s) for block 
P(B) is (arc) added in order to prepare the polymer block 
P(B)-P(A)-P( 15). Alternatively, P(B)-P(A)-M can be coupled 
by a suitable dii'unctional compound. In this way, star block 
copolymers [P(B)-P(A)]„X and also block copolymers 
P(A)-P(B)-P(A) arc also obtainable. Examples of suitable 
polymerization initiators include n-propyllithium, 
n-butyllithium, 2-naphthyllithium, cyclohexyllithium and 
octyllithium, without wishing this enumeration to constitute 
any unnecessary restriction. Furthermore, it is also possible 
lo use dii'unctional initiators, such as 1 , 1 ,4,4-lelrapbcnvl-l , 
4-dilithiobutane or l,l,4,4-tetraphenyl-l,4- 
dilithioisobutane. Coinitiators can also be used. Examples of 
suitable coinitiators include lithium halides, alkali metal 
alkoxides, and alkylaluminum compounds. 

As a very preferred variant, the RAFT process (reversible 
addition-fragmentation chain transfer) is carried out. The 
process is described in detail in the documents WO 
98/01478 Al and WO 99/31144 Al. Suitable with particular 
advantage for preparing block copolymers arc Irilhiocarbon- 
ates [Macromolecules 2000, 33, 243-245], in which case, in 
a first step, monomers for the end blocks B are polymerized 
and, in a second step, the middle block A is polymerized. 
Following the polymerization of the end blocks, the reaction 
can be terminated and reinitiated. It is also possible to carry 
out polymerization sequentially without interrupting the 
reaction. In one very advantageous variant, the trithiocar- 
bonatc (V) is used for the polymerization: 

(V) 




In the process for preparing the pressure sensitive adhe- 
sives of the invention, the solvent is removed under reduced 
pressure preferably in a concentrative extruder. This is done 
using, for example, single-screw or twin-screw extruders 
which distill off the solvent preferentially. Twin-screw 
extruders may be operated with advantage in corotating or 
counterrotating mode. 

For its advantageous further development, up to 50% by 
weight, in particular from 20 lo 40' < by weight, of resins are 
added to the pressure sensitive adhesive of the invention. 
Examples of resins used include terpene resins, terpene- 
phenolic resins, C 5 and/or C g hydrocarbon resins, pinene 
resins, indene resins and or rosins, alone or in combination 
with one another. In principle it is possible to use any resins 
which are compatible with the corresponding polyacrylate 
middle block P(A); in par! icular, mention may lie made of all 
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aliphatic, aromatic and alkylaromatic hydrocarbon resins, 
hydrocarbon resins based on pure monomers, hydroge nated 
hydrocarbon resins, functional hydrocarbon resins, and 
natural resins. 

5 In a preferred procedure it is further possible to add 
additives, particularly crosslinkers, aging inhibitors, light 
stabilizers, ozone protectants, fatty acids, plasticizers, 
nucleators, expandants, accelerators and/or fillers (for 

10 example, carbon black. I'i( ),, solid or hollow beads of glass 

Suitable crosslinkers for chemical crosslinking that are 
compatible with the pressure sensitive adhesive include, 
preferably, metal chelates, polylu notional isocyanates, poly- 

15 functional amines or polyfunctional alcohols. Furthermore, 
among others it is also possible to use polyfunctional 
acrylates with advantage as crosslinkers for a crosslinking 
induced or promoted by actinic radiation. 

20 In the case of UV crosslinking of the pressure sensitive 
adhesive, UV photoinitiators are added to the block copoly- 
mers as substances which promote and/or initiate crosslink- 
ing. Useful photoinitiators whose use is very favorable 
include benzoin ethers, such as benzoin methyl ether and 

:> benzoin isopropyl ether, for example, substituted 
acelophenones, such as 2,2-dielhoxy-2-phenyl-l- 
phenylethanone, 2,2-dimethoxy-2-phenyl-l- 

example, substituted alpha-ketols, such as 2-methoxy-2- 
30 hydroxy-propiophenone, for example, aromatic sulfonyl 
chlorides, such as 2-naphthylsulfonyl chloride, for example, 
and photoactive oximes, such as l-phenyl-l,2-propanedione 
2-(0-ethoxycarbonyl)oxime, for example. 
35 A further development which makes the inventive process 
particularly advantageous for the preparation of, for 
example, adhesive tapes is notable for the further processing 
of the (blended or unblended) pressure sensitive adhesive 
from the melt, in which ease ii is applied in particular to a 
40 backing. 

Suitable backing materials in this context include those 
materials which are customary and familiar to the skilled 
worker, such as, for example, films (polyester, PET, PE, PP, 
BOPP, PVC), webs, foams, wovens and scrimmed films, and 

45 also release paper (glassine, HDPE, LDPE). 

Subsequent to preparation and further processing, 
advantageously, the pressure sensitive adhesive is 
crosslinked. Crosslinking takes place preferably by means of 
brief UV exposure within a wavelength range of about 200 

Vl to 400 oil] using commercially customary high or medium 
pressure mercury lamps with an output of, for example, from 
80 to 240 W/cm, by means of thermal energy within a 
temperature range between about 70 and 140° C, or by 
means of ionizing radiation, such as electron beam curing, 
for example. 

For UV crosslinking it may be appropriate to adapt the lamp 
output to the belt speed or, in the case of slow travel, to 
partially shade off the belt in order to reduce its heat 

60 exposure. The exposure time depends on the model and 
output of the radiation sources in question. 

Accordingly, the invention finally provides for the use of 
a pressure sensitive adhesive as described above lor an 
adhesive tape provided with the pressure sensitive adhesive, 

65 particularly for bonds to apolar surfaces, the acrylic adhesive 
being applied preferably from the melt as a one-side or 
both-sides film to a backing. 
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EXAMPLES 
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The purpose of the examples below is to illustrate the 
without wish inn to subject it to an) unnecessary 
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Test Methods 

Shear Strength (Test TA) 

A strip i)f adhesive tape 13 mill wide was applied hi a 
smooth, cleaned steel surface. The area of application mea- 2 
sured 20 mmxl3 mm (lengthxwidth). Subsequently, the 
following procedure was carried out: 
At room temperature, a 1 kg weight was fastened to the 
adhesive tape, and the time until the weight fell off was 
recorded. 

The shear adhesion times recorded are each recorded in 
minutes and correspond to the average of three measure - 

180° Bond Strength Test (Test TBI TB2) 

A strip 20 mm wide of an acrylic pressure sensitive 3 
adhesive applied to a polyester layer was applied in turn to 
steel (TBI) or PE (TB2) plates. The pressure sensitive 
adhesive strip was pressed down twice onto the substrate 
using a 2 kg weight. The adhesive tape was then immedi- 
ately removed from the substrate at an angle of 180° and a 
speed of 300 mm/min. All of the measurements were con- 3 
ducted at room temperature under controlled-climate con- 
ditions. The results are reported in N/cm and are averaged 
from three measurements. 
Peel Increase (Test TCI, TC2) 

A strip 20 mm wide of an acrylic pressure sensitive 4 
adhesive applied to a polyester layer w as applied in turn to 
steel (TCI) or PE (TC2) plates. The pressure sensitive 
adhesive strip was pressed down twice onto the substrate 
using a 2 kg weight. After 72 hours of bonding, the adhesive 
tape was removed from the substrate at an angle of 180° and 4 
a speed of 300 mm/min. All of the measurements were 
conducted at room temperature under controlled-climate 
conditions. The results are reported in N/cm and are aver- 
aged from three measurements. 
Preparation of the Trilhiocarbonalc 

As a regulator, the following trithiocarbonate (V) was 
prepared in accordance with Maeromnlceiilcs 200(1, 33, 
243-245 and Synth. Commun. 1988,18, 1531-1536. 



Polymerization Procedure 

Trithiocarbonatc-Functionalizcd Polystyrene (VI): 

A 500 ml Schlenk vessel was charged with 400 ml of 
styrene and 3.47 g of the trithiocarbonate (V) (0.01172 mol) 65 
and degassed three times, after which the polymerization 
was carried out under argon. The reaction was initiated by 



heating to 120° C, 0.2 g of Vazo67™ (DuPont) was added, 
and polymerization was carried out with stirring for 48 
hours. To isolate the product, the batch was cooled to RT and 
the polymer was dissolved in 1000 ml of dichloromethane 
and then precipitated from 7.5 1 of methanol with vigorous 
stirring. The precipitate was filtered off on a frit and then 
analyzed by GPC (M„=22 400, M >v/ , =1.51). 
Trithiocarbonate-Functionalized Polystrene (VII) 

A 750 ml Schlenk vessel was charged with 500 ml of 

j styrene and 3.47 g of the trithiocarbonate (V) (0.01172 mol) 
and degassed three times, after which the polymerization 
was carried out under argon. It was initiated by heating to 
120° C. and carried out with stirring for 48 hours. To isolate 
the product, the batch was cooled to RT and the polymer was 
dissolved in 1000 ml of dichloromethane and then precipi- 

' tated from 7.5 1 of methanol with vigorous stirring. The 
precipitate was filtered off on a frit and then analyzed by 
GPC (M„=29 100, M My „=1.26). 

Example 1 

A reactor conventional for radical polymerizations was 
charged with 32 g of tritiiios'arbonatc-funclionali/.cd poly- 
styrene (VI), 400 g of 2-ethylhexyl aery late, 76 g of Bisomer 
PPA (-:>-> (HP Chemicals), 4 g of acrylic acid and 0.12 g of 
Vazo 67™ (DuPont). After argon had been passed through 

1 for 20 minutes and the reactor degassed twice, it was heated 
to 70° C. with stirring. After 4 hours, dilution was carried out 
using 200 g of acetone/isopropanol ( ll 7:3), reinitiation took 
place after 5 hours with 0.12 g of Vazo 67™, and after 24 
hours the polymerization was terminated. 

> For isolation, the batch was cooled to RT, the block copoly- 
mer was freed from the solvent mixture in a vacuum/drying 
cabinet and then coated from the melt onto a Saran-primed 
PET backing, 23 fan thick, at an application rate of 50 g/m 2 
from a slot die. The product was then tested in accordance 

5 with methods TA, TBI, TB2, TCI, and TC2. 

Example 2 

A reactor conventional for radical polymerizations was 
. charged with 32 g of trithiocarbonatc-lunctionalized poly- 
styrene (VI). 440 g of 2-ethylhexyl aery late, 36 g of Bisomer 
PPA 6™ (BP Chemicals), 4 g of acrylic acid and 0.12 g of 
Va/o d7 nl (DuPont). After argon had been passed through 
for 20 minutes and the reactor degassed twice, it was heated 
to 70° C. with stirring. After 4 hours, dilution was carried out 
using 200 g of acetone/isopropanol (97:3), reinitiation took 
place after 5 hours with 0.12 g of Vazo 67™, and after 24 
hours the polymerization was terminated. 
For isolation, the batch was cooled to RT, the block copoly- 
mer was freed from the solvent mixture in a vacuum/drying 
' cabinet and then coated from the melt onto a Saran-primed 
PET backing, 23 fan thick, at an application rate of 50 g/m 2 
from a slot die. The product was then tested in accordance 
with methods TA, TBI, TB2, TCI, and TC2. 

5 Example 3 

A reactor conventional for radical polymerizations was 
charged with 32 g of trithiocarbonate-funclionalized poly- 
styrene (VI), 360 g of 2-ethylhexyl acrylate, 116 g of 
Bisomer PPA 6™ (BP Chemicals), 4 g of acrylic acid and 
1 0.12 g of Vazo 67™ (DuPont). After argon had been passed 
through for 20 minutes and the reactor degassed twice, it 
was heated to 70° ('. with stirring. After 4 hours, dilution 
was carried out using 200 g of acetone/isopropanol (97:3), 
reinitiation took place after 5 hours with 0.12 g of Vazo 
67™, and after 24 hours the polymerization was terminated. 
For isolation, the batch was cooled to RT, the block copoly- 
mer was freed from the si ilvenl mixture in a vacuum/drying 
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cabinet and then coated from the melt onto a Saran-primed 
PET backing, 23 pan thick, at an application rate of 50 g/m 2 
from a slot die. The product was then tested in accordance 
with methods TA, TBI, TB2, TCf , and TC2. 

Example 4 

A reactor conventional for radical polymerizations was 
charged with 32 g of trithiocarbonate-functionalized poly- 
styrene (VII), 340 g of n-bulyl acrylate, 4 g of acrylic acid, 
40 g of Bisomer PPA 6™ (BP Chemicals) and 0.12 g of 
azoisobutyronitrile (AIBN). After argon had been passed 
through for 20 minutes and the reactor degassed twice, it 
was heated to 60° C. with stirring, reinitiation look place 
after 2 hours with 0.12 g of Vazo 67™ (DuPont), after 6 
hours, dilution was carried out using 150 g of acetone/ 
isopropanol (97:3), and after 24 hours the polymerization 
was terminated, f or isolation, (lie batch was cooled to RT, 
the block copolymer was freed from the solvent mixture in 
a vacuum/drying cabinet and then coated from the melt onto 
a Saran-primed PL I backing, 23 pan thick, at an application 
rate of 50 g/m 2 from a slot die. The product was then tested 
in accordance with methods TA, TBI, TB2, TCI, and TC2. 

Example 5 

A reactor conventional for radical polymerizations was 
charged with 32 g of trithiocarbonate-functionalized poly- 
styrene (VII), 340 g of n-butyl acrylate, 4 g of acrylic acid, 
40 g of Bisomer PEA 6™ (BP Chemicals) and 0.12 g of 
azoisobutyronitrile (AIBN). After argon had been passed 
through for 20 minutes and the reactor degassed twice, it 
was heated to 60° C. with stirring, reinitiation took place 
after 2 hours with 0.12 g of Vazo 67™ (DuPont), after 6 
hours, dilution was carried out using 150 g of acetone/ 
isopropanol (97:3), and after 24 hours the polymerization 
was terminated. For isolation, the batch was cooled to RT, 
the block copolymer was freed from the solvent mixture in 
a vacuum/drying cabinet and then coated from the melt onto 
a Saran-primed PET backing, 23 /«n thick, at an application 
rate of 50 g/m 2 from a slot die. The product was then tested 
in accordance with methods TA, TBI, TB2, TCI, and TC2. 

Example 6 

The procedure of Example 5 was repeated. After coating, 
the pressure sensitive adhesive tape was irradiated with 10 
kGy with an acceleration voltage of 200 kV using an EBC 
unit from Crosslinking. The product was then tested in 
accordance with methods TA, TBI, TB2, TCf, and TC2. 
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Example 7 

A reactor conventional for radical polymerizations was 
charged with 32 g of trithiocarbonate-iunctionalized poly- 
styrene (VII), 300 g of n-butvl acrvlate, 4 g of acrylic acid. 

5 80 g of Bisomer PPA 6™ (BP Chemicals) and 0.12 g of 
azoisobutyronitrile (AIBN). After argon had been passed 
through for 20 minutes and the reactor degassed twice, it 
was heated to 60° C. with stirring, reinitiation took place 
after 2 hours with 0.12 g of Vazo 67™ (DuPont), after 6 

10 hours, dilution was carried out using 150 g of acetone 
isopropanol (97:3), and after 24 hours the polymerization 
was terminated. For isolation, the batch was cooled to RT, 
the block copolymer was applied from solution to a Saran- 
primed PET backing, 23 tan thick, at an application late of 

15 50 g/m 2 , and the swatch was dried in a drying oven at 120° 
C. for 1 0 minutes. The product was then tested in accordance 
with methods TA, TBI, TB2, TCI, and TC2. 

Example 8 

20 A reactor conventional for radical polymerizations was 
charged with 1.8 g of the trithiocarbonate (V). 440 g of 
2-ethylhexyl acrylate, 36 g of Bisomer PPA 6™ (BP 
Chemicals), 4 g of acrylic acid and 250 g of acetone, the 
vessel was degassed three times, and then the polymeriza- 

25 tion was carried out under argon. For initiation, the reaction 
mixture was heated to 80° C, 0.2 g of Vazo 67™ (DuPont) 
was added and, after a reaction period of 4 hours, initiation 
was repeated with a further 0.2 g of Vazo 67™ (DuPont). 
The polymerization was terminated with stirring after 48 

3Q hours, and the polymer was cooled to room temperature. It 
was then was freed from solvent in a vacuum lining cabinet, 
taken up in 200 g of toluene and 75 g of styrene, and then 
polymerization was initiated again in a conventional reactor. 
For this purpose the vessel was again degassed three times 
and filled with argon. For initiation it was heated to 115° C. 

35 and 0.1 g of Vazo 67™ (DuPont) was added. After a further 
3 hours and 6 hours, reinitiation was carried out with in each 
case 0.1 g of Vazo 67™ (DuPont). After a reaction time of 
48 hours, the polymerization was terminated by cooling to 
room temperature. The block copolymer formed was applied 

40 from solution to a Saran-primed PET backing, 23 ftm thick, 
at an application rate of 50 g/m 2 , and the swatch was dried 
in a drying oven at 120° C. for 10 minutes. The product was 
then tested in accordance with methods TA, TBI, TB2, TCI, 
and TC2. 

45 Results 

The table below lists the technological properties of these 
Examples f to 8 



TABLE 1 




SAT: shear adhesion times in min 

BS: bond strength in N/cm 

Bl: immediate to steel 

B2: immediate to polyethylene 

CI: after 72 h, to steel 

C2: after 72 h, to polyethylene 

I'lcI increase: percentage increase after 72 h. based on the ■immediam" :iguic 
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Examples 1 to 3 represent polystyrene block copolymers 
which were coated from the melt and contain different 
fractions of Bisomer PPA 6™ as comonomer. As a result of 
the ethoxylated side chains, all of the adhesives exhibit low 
peel increase both on steel and on polyethylene. 
Additionally, as a result of the composition according to the 
invention, the adhesives have a high shear strength. 
Examples 4 to 7 are polystyrene block copolymers having a 
relatively high average molecular weight (numerical 
average) and likewise contain different fractions of liisomer 
PPA 6™ or PEA 6™. Example 6 was additionally 
crosslinked with f 0 kGy of EB, with the result that the bond 
strength level falls further but the peel increase is not 
worsened. Example 7 demonstrates that solution-applied 
block copolymers also have low peel increase as a result of 
the composition according to the invention. Example 8 is an 
inverse block copolymer of type P(A)-P(B)-P(A), which 
likewise exhibits low peel increase. 

We claim: 

1. A pressure sensitive adhesive based on block 
copolymers, said block copohmers having at least one unit 
composed of three successive polymer blocks, comprising 
alternating blocks P(A) and P(B), wherein 

P(A) represents a copolymer block obtained from a com- 
ponent A which is comprised of at least two monomers 
Al, A2, the polymer block P(A) having a softening 
temperature of from -80° C. to 0° G, 

at least one of the monomers Af of component A is an 
acrylic or methacrylic acid derivative of the general 
formula 

CH 2 =CH(R')(COOR") ([) 

in which R 7 =H or CH 3 and R 7/ is an aliphatic linear, 
branched or cyclic, substituted or unsiibslilulcd, satu- 
rated or unsaturated alkyl radical having from 1 to 20 
carbon atoms, 

at least one of the monomers A2 of component A is an 
acrylated monomer of the general formula 

CII 2 =CII(R / ")(COOR' 1 ') (it) 

in which R^H or CH 3 and R' v is an oligomeric or 
polymeric glycol with at least two glycol units, 

P(B) represents a homopolymer or copolymer block 
obtained from a component 1! which is composed of at 
least one monomer Bf , the polymer block P(B) having 
a softening temperature of from 20° C. to 175° C, and 

the polymer blocks P(A) are not homogeneously miscible 
with the polymer blocks P(B). 

2. 1 he pressure sensitive adhesive as claimed 111 claim 1, 
wherein component A further comprises at least one vinyl 
compound A3 containing functional groups. 

3. The pressure sensitiv e adhesiv e as claimed in claim 2, 
wherein 

component A has the following composition: 

from 25 to 97% by weight acrylic acid derivative, 

methacrylic acid derivative, or both, as monomer Al, 
from 3 to 50% by weight oligomeric or polymeric 

glycol as monomer A2, 
up to 25% by weight vinyl compounds as monomer A3. 
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4. The pressure sensitive adhesive as claimed in claim 1, 
wherein 

for the monomer Al the radical R" chosen is an aliphatic 
linear, branched or cyclic, substituted or unsubstituted, 
5 saturated or unsaturated alkyl radical having from 4 to 

14 carbon atoms. 

5. The pressure sensitive adhesive as claimed in claim 1, 
wherein 

10 monomer A2 is selected from the group consisting of, 
polyethylene glycol acrylates, polyethylene glycol 
methacrylates, polypropylene glycol acrylates and 
polypropylene glycol methacrylates. 

6. The pressure sensitive adhesive as claimed in claim 1, 
15 wherein 

at least one of the monomers of component A contains one 
or more functional groups capable of crosslinking the 
block copolymers. 

7. The pressure sensitive adhesive as claimed in claim 1, 
20 wherein 

at least one of the monomers of component A is an aery he 
derivative having at least one double bond which does 
not react during a free radical polymerization. 

iN. The pressure sensitive adhesive as claimed in claim 1, 

25 wherein 

the polymer blocks P(B) are capable of forming a two- 
phase domain structure with the copolymer blocks 
P(A). 

( ). fhe pressure sensitive adhesive as claimed in claim 1, 
30 wherein 

the block copolymers have a number average molecular 
weight of between 5,000 and 600,000 g/mol. 

10. The pressure sensitive adhesive as claimed in claim 1, 
wherein the polymer blocks P(B) are between 10 and 60% 

35 by weight of the block copolymer. 

11. The pressure sensitive adhesive as claimed in claim 1, 
wherein said adhesive comprises up to 50% by weight of 
further components selected from the group consisting of 
resins, crosslinkers, aging inhibitors, light stabilizers, ozone 

40 protectants, fatty acids, plasticizers, nucleators, expandants, 
accelerators and fillers. 

12. An adhesive tape comprising the pressure sensitive 
adhesive of claim 1 on one or both-sides of the tape. 

13. A process for preparing the pressure sensitive adhe- 
sive of claim 1, which comprises preparing the block 

45 copolymer by means of a trithiocarbonate-controlled radical 
polymerization. 

14. The pressure sensitive adhesive of claim 6 wherein 
crosslinking is a thermal or radiation-chemical cross- 
linking. 

50 15. The pressure sensitive adhesive of claim 14, wherein 
said crosslinking is induced, assisted or both by ultraviolet 
radiation or electron beam radiation. 

16. The pressure sensitive adhesive of claim 10 wherein 
said polymer blocks P(B) are between 15 and 40% by weight 

55 of said block copolymer. 

17. The pressure sensitive adhesive of claim 11, wherein 
said further components comprise from 20-40% by weight 
of said adhesive. 



